INTRODUCTION Group technology
(GT) is a manufacturing strategy for medium batch size production which seeks to improve productivity by exploiting the manufacturing similarities of different parts (1). Similar parts, grouped into a family, may be processed in a single machine cell instead of being transported throughout the shop, from one machine to the next, as required by the runctional machine shop layout.
The benefits garnered through the implementation of GT in the areas of product design, tooling and setups, materials handling, process planning, part quality, and overall cost reduction are welldocumented (1, 2) and will not be explored further here. However, these benefits can only be realized in an effectively scheduled work cell.
Poor scheduling can cause blocking and poor utilization, and can generate the kinds of excessive, and costly, work-in-process that GT and the cell structure seek to reduce or eliminate.
The frequency of part changes in a work cell draws special attention to scheduling considerations.
Proper machine cell scheduling must take into consideration the The objectives used in deciding which of a set of feasible sequences is the best are as follows:
1)
The entire part schedule must be completed within a production month.
2) The sequence with the minimum direct labor requirements, in the form of man-hour requirements for production and setup, is deemed the best, provided that criterion 1) is met.
What is significant about the model is not that it can incorporate aIl these particttlar considerations, but that a generalized model can be developed which reflects the conditions in many individual, but similar, cells.
DEVELOPMENT AND FEATURES OF THE SCHEDULING PACKAGE
The reduction of direct labor costs was identified as a major control parameter and thus the simulation model and the statistics generated from the execution of the simulation modet were tailored accordingly.
A method used to reduce direct labor costs is the reassignment of idle machine cell operators to tasks elswhere in the plant. Consequently, the simulation model is designed to predict the status of the machine cell at any given time during the month.
Using simulation to predict the system status is in many ways different from the more traditional use of simulation, which is one of capacity planning and design. To be able to predict the status of the machine cell at any given time, the simulation model needs to be deterministic and random events, such as breakdowns, cannot be included in the modeI.
(It should be noted that while breakdowns are not simulated, when a breakdown occurs the system is simulated again to reflect this change in system status.)
The output from the simulation model identifies two conditions which cause a great deal of worker idle time. These are when a machine is blocked and when a machine waits for parts to arrive after a setup has been completed.
When both the time at which these idle periods will occur and the duration of the idle periods are predicted adequately, the shop foreman can then reassign the affected workers to other tasks, for the duration of the predicted idle period, with some degree of confidence. The general model, written using the SIMAN simulation language, becomes a specific model for an individual cell when the machine database is specified for the cell. The part number database is developed using the information in the machine database. When a particular sequence is to be simulated, the information in both the machine and part databases is used to enter default values for all the prompts and as a check for information which is entered by the user. All the database management and schedule definition software is written in Microsoft  FORTRAN and Assembler.
When the scheduling session is initiated, the user is presented with a menu for options regarding choice of machine cell, vacation day specifications, or floppy backup of the scheduling software ( Figure  2 ). Plant-wide vacation days are specified at this level because they are common to all of the machine cells, so their inclusion here eliminates redundancy. Vacation days arc specified so that they can be included in the prediction of the status of the machine cells. Figure  3 shows the layout of the vacation days specification screen. The vacations days are highlighted for easy identification.
To change a vacation day, the cursor is moved to the appropriate day, using the cursor keys, and the "enter" key is pressed to toggle between vacation day and normal day specification.
Once the machine cell to be scheduled has been chosen, the user is prompted with the menu shown in Figure  4 . (Once an option has been chosen from this menu, all prompts and menus which appear were coded in Figure  5 to specify month to simulate, and production and setup efficiencies. Additionally, the user must specify the type of output he desires: a month-long summary of decision variables or a day-by-day (intermediate) statement of system status in addition to the summary.
(The day-by-day status report also includes the summary report for the entire month.)
In the latter case, the user is presented with the menu shown in Figure  6 . The information about the number of shifts, shift length, meal times, amount of preventative maintenance and clean-up time, the starting time for each shift, and the vacation days, mentioned earlier, is necessary to compile the day-by-day status reports, which are shown in Figure  7 . These detailed reports are used by Wagner to identify times when idle workers can be put to work elsewhere, thereby reducing the labor costs of the cell. The worker idle times are due to a machine being blocked because the queue following the machine is full, or because setup has been completed but the queue is empty so production cannot begin. A summary of the man-hour requirements and the machine idle times are always supplied to the operator. Particular examples of the man-hour and machine idle time summary reports are given in Figures 8 and 9 respectively.
The average efficiencies with which the cell will be set up and operated must always be specified by the scheduler.
The
and total work-in-progress ( Figure  II ) at the levels of efficiency specified by the shop foreman. The queue lengths are reported as the number of pallets in the queue rather than the number of parts in a queue. In the case where there is one part per pallet, then the work-inprogress and queue length statistics will be the same. Additionally, the man-hours required for both setup and machining, as well as the the machine-idle times caused by blocking and waiting for parts, for each machine, are reported.
The output reports described above have been tailored to the needs of this specific application, but can be generated to reflect other decision criterion as well. Like the setup time, the default batch size may be overridden when the schedule is defined.
Option 4, Change the Current Password, gives the user the option to change the password which protects the databases and defined schedules. These are protected in this way to prevent accidental change of these files.
Option 5, Define and Run a Schedule, allows the user to specify the type, sequence, batch sizes and setup times for the parts to be processed for the month. Based on the sequence he has selected, the scheduler can determine setup times which reflect the effects of available tooling and the setup of the preceding part. In this way, sequence-dependent setup times can be incorporated into the scheduling decision.
Once the schedule has been defined, the simulation is run and the schedule may be saved for future use.
Option
I, Copy from one Schedule to Another, was incorporated into the package so that when minor changes to a schedule need to be made, the schedule can Once the schedule is copied, the user enters the edit mode, and then the newly-defined schedule is run.
The final menu item will bring up a further menu on which there are options to print the machine and part number databases, a predefined sequence of parts, and the output from a simulation of a particular sequence.
ADVANTAGES AND LIMITATIONS OF THE GENERAL MODEL
The primary advantages of the machine cell model are the cost savings and the ease of use.
Savings are realized by reducing both direct and indirect labor costs while maintaining on-time production. Direct labor costs are reduced by choosing that sequence which has the least direct labor requirements.
Indirect labor costs are reduced by being able to reassign workers to other tasks when a machine is blocked or is waiting for parts to arrive. 
